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Twenty-four m- and p-(phenoxyalkoxy)benzamidines bearing a terminal sulfonyl fluoride moiery were =ynthe-
sized and evaluated ax irreversible inhibitors of trypsiin; all were excellent reversible inhibitors with K; = 0.7-3.6
«M. Eight (2, 3, 5, 6, 19-21, 24) were excellent active-site-directed irreversible inhibitors when assayed at & A

concentration giving 88-100¢, inactivation.
at an 8K; concentration.

Four (13, 15-17) showed no irreversible Inhibition when assaved
The remaining twelve were poor irreversible inhibitors at a > K; concentration. One

of the excellent irreversible inhibitors of trypsin was p-[p-(p-fluorosulfonylbenzamido)phenoxypropoxy|benzami-
dine (2), which showed no irreversible inhibition of a related “‘tryptic” enzyme, namely, thrombin; this specificity
is presumably due to the probability that the SO,F moiety of 2 forms a covalent bond “outside’” the active site

where structural differences between tryp=in and thrombin are apt to be present.

The possibility of design of

inhibitors of opposite specificity, that i3, inactivation of thrombin with no inactivation of trypsin, hy appropriate
modification of benzamidine and phenyviguanidine ix dizcussed.

The chemotherapy of cardiovaseular diseases and
organ ftransplantation should be approachable by
selective blockage of key serum proteases.> Our
initial studies have used trypsin as a model since a
number of these serum proteases are ‘‘tryptic’ in
character. In our first paper on trypsin,?® it was ex-
tablished that phenoxyalkoxy groups could be sub-
stituted on the good reversible inhibitor, benzamidine.”
with some gain in reversible binding. [Later studies*
deseribed the discovery of active-site-directed irrevers-
ible inhibitors” of trypsin derived from p-(phenoxv-
alkoxy)benzamidine (1, R = H) by insertion of a
fluorosulfonylphenyl group on the terminal phenyl.

II\I'H
i

Although five of these six candidate active-site-
directed irreversible inhibitors at 2-4K; could inactivate
trypsin with a half-life of 3-6 min, inactivation was
only 30-559 at a K; concentration of inhibitor, which
is sufficient to convert 509 of the enzyme to the rate-
limiting reversible enzyme-inhibitor complex;® that
the inactivation reaction was incomplete, due in part
to concomitant enzyme-catalyzed hydrolysis of the
SO.F group to 8O;~, was established.#® Therefore a
further study has now been made to determine the

(1) This work was generously supported hy Grant CA-08695 from the
National Cancer Institute, U. 8. Public Health Service; some of the enzyme
measurements were made on a Gilford 2400 spectrophotometer purchased
with funds from U. 8. Public Health Service Grant FR07099.

(2) For the previous paper in this series see B. R, Baker and R. B. Meyer,
Jr., J. Med. Chem., 12, 108 (1969).

{3) For the previous paper on proteolytic enzymes see B. R. Baker and
J. A, Hurlbut, #bdd., 11, 1054 (1968), paper CX X XII of this series.

(4) For the previous paper on trypsin see B. R. Baker and E. H. Erickson,
ihid., 11, 245 (1968), paper CXV of this series.

{5) See B. R. Baker and E. H. Erickson, ibid., 10, 1123 (1967), paper CVI
of this series, for a more detailed discussion of the inhihition of these enzymes.

(6) M. Mares-Guia and E, Shaw, J. Biol. Chem., 240, 1579 (1965).

(7Y B. R. Baker, ‘“Design of Active-Site-Directed Irreversible Enzyme
Inhibitors. The Organic Chemistry of the Enzymic Active-Site,” John Wiley
and Sons, Inc., New York, N. Y., 1967.

(8) For the kinetics of irreversible inhibition see ref 7, Chapter 8.

) B. R. Baker and J. A. Rurlbur, J. Med. Chem., 11, 233 (1968), paper
C XTI of this series,

relationship of strueture to efficient irreversible in-
hibition.

Enzyme Results—The results obtained carlier with
the five uaective-site-directed irreversible inhibitors
(2-6) are listed in Table I, the enzyme inactivation
being meusured with N-benzoyl-dl-arginine p-nitro-
anilide (BANA); since BANA has a low Ve com-
pared to ester substrates such as N-tosyl-L-arginine
methyl ester (TAME), ™' a high concentration of en-
zyme is needed in the BANA assay.  Thus compounds
2-6 were incubated with 3-9 pd/ trypsin: in a few
runs,* the trypsin concentration was lower than the
inhibitor concentration, such a ratio making total in-
activation stoichiometrically impossible.’* When the
extent of irreversible inhibition of trypsin was measured
with TAME with its higher 17, the concentration of
the enzyme could be reduced to 0.1-0.3 ul/ (see Ex-
perimental Section); it was then readily ascertained
which compounds still underwent enzyme-catalyzed
hydrolysix of the SO, function to SO;H? at a K; con-
centration of inhibitor.

The five compounds (2-6) previously examined as
irreversible inhibitors of trypsin with the BANA assay
were reexamined at K concentration with the TAME
assay where the econcentration of trypsin was <0.3 M/
(Table I). At a K; concentration (1.6-3.1 pdf), all
five (2-6) were excellent irreversible inhibitors of
trypsin, showing %3-949; inactivation. One of the
compounds (2) was then examined as an irreversible
inhibitor at less than K; concentration; with 0.5 and
0.25K; concentrations of 2, which are still in excess
over trypsin and able to reversibly complex 33 and
209%,® respectively, of the available trypsin, total ir-
reversible inhibition was reduced to 75 and 409..  Thus
enzyme-catalyzed hydrolysis of the SOxl" group is still
observable? as the inhibitor concentrations approach
these lower enzyme concentrations.

Since 6 was an excellent irreversible inhibitor at a
K; = 1.6 pM concentration, several analogs were
synthesized for enzymie evaluation. Introduetion of

(10) B. V. Erlanger. N. Kowkowsky. and W. Colien, JAreh. Biochem.
Biophy~., 98, 271 {19611,

(1) B, . W, Hummel. Cun. J. Biockem. Physiol., 37, 1343 (1859).

112y We wish to thank Dr. Howard J. Sehaeffer for pointing out this
stoichiomertry.
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a Me (7), MeO (8), or EtO (9) group ortho to the SO.F
function gave little change in K;. Although these
structural changes still allowed irreversible inhibition,
the total irreversible inhibition at a 1-4K; concentra-
tion was low, indicating that these structural changes
had a detrimental effect on the ratio of the rate of
enzyme inactivation vs. the rate of enzyme-catalyzed
hydrolysis.  Substitution of Cl (10) or MeO (11) para
to the SO.I" function of 6 was also detrimental to ir-
reversible inhibition, but not reversible inhibition;
substitution of a Cl (12) on the central phenyl group of
6 gave similar results.

When the m-SO.F function of 6 was moved to para
(13), reversible inhibition was enhanced about two-
fold; however, this struetural change destroyed the
irreversible inhibitory properties. When 13 was fur-
ther substituted by Me (16) or Cl (17) on the central
phenyl group, irreversible inhibition was still not seen.
Substitution of o-Me (15) to the SO, function of 13
gave similar negative results. In contrast, substitution
of Cl (14) meta to the SO.F function of 13 gave a good
irreversible inhibitor, although reversible inhibition
was not changed. When the bridging in 13 to the
benzamidine was changed from para to meta, the re-
sultant 18 showed improvement over the nonirrevers-
ible 13; 18 was still a poor irreversible inhibitor since
a 4K, concentration showed irreversible inhibition but
a K; concentration gave essentially no irreversible in-
hibition.

When the p-(fluorosulfonylbenzamido) moiety of 4
was moved to the mela position, the resultant 19 was
an even better irreversible inhibitor than 4 when both
were compared at K; concentration.

A series of irreversible inhibitors derived from p-
(m-aminophenoxyethoxy)benzamidine were then in-
vestigated. The m-fluorosulfonylphenylureido de-
rivative (20) was an excellent irreversible inhibitor of
trypsin, as was 21 with a Cl para to the SO.F moiety.
Insertion of an o-Me (22) on 20 again gave a poorer ir-
reversible inhibitor, presumably due to a less favorable
ratio of enzyme inactivation to enzyme-catalyzed hy-
drolysis.

When the m-SO:F moiety of 20 was moved to the
para (23), little change in reversible inhibition occurred;
however, the effect on irreversible inhibition was more
dramatic, 23 now being a poor irreversible inhibitor;
removal of an NH of the ureido bridge of 23 to give 24
resulted in recouping irreversible inhibition.

The last compound investigated was the lower homo-
log (25) of 13 which was a poor irreversible inhibitor,
but was better than 25 which failed to show any ir-
reversible inhibition. The best irreversible inhibitors
in Table I are 2, 3, 5, 6, 19-21, and 24, all of which
gave >889 inactivation at a K; concentration. In
order to compare these best inhibitors in speed of in-
activation, in contrast to total inactivation in 60 min,
time studies were performed. The half-lives of ir-
reversible inhibition by these eight compounds at a
K; concentration were compared; these half-lives
varied between 1-7 min. Three of the compounds
(19-21) had half-lives of 2 min or less at a K; concentra-
tion of 0.9-2.2 uM and gave essentially 1009, inactiva-
tion in 60 min.

Although it is likely that these SO,F-type irreversible
inhibitors in Table I form a covalent hond with a
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serine or threonine of trypsin, it is unlikely that the
same amino acid in trypsin is attacked by all these ir-
reversible inhibitors. The location of the amino acid
covalently linked by these inhibitors is a challenging
endeavor worthy of pursuit.!3

One of the objects of synthesizing the compounds in
Table I was to gain better specificity among the numer-
ous “tryptic” enzymes. For example, thrombin! is
defined as a “tryptic” enzyme since it can use N-tosyl-
L-arginine methyl ester (TAME) as a substrate. There-
fore one of compounds (2) in Table I was examined
as a reversible and irreversible inhibitor of thrombin.
Reversibly, 2 had an I;, = 24 uM when assayed with
1 mM TAME at pH 8.4. When thrombin was incu-
bated for 1 hr at 37° at pH 7.4 with 30 u3 2, no ir-
reversible inhibition was observed. Note that 3.1
wM 2 can give 919, inactivation of trypsin under the
same conditions. This selectivity in irreversible in-
hibition by 2 between trypsin and thrombin should be
contrasted with the results of irreversible inhibition of
these two enzymes by the chloromethyl ketone from
N-tosyl-L-lysine (26) (TLCK); the latter could ir-
reversibly inhibit both thrombin and trypsin.® TLCK
specifically alkylates histidine-46 when complexed

HN==C—NH,

NH,(CH.),CHCOCH,CI
NHSO,CH,CH,-p

26 O(CthO@NHCOCHﬁY

27

with trypsin;'® this histidine is most likely part of the
active site.t

Since thrombin and trypsin are both ‘tryptie,”
their catalytic sites and complexing sites for a lysine
moiety would be expected to be similar; hence, both
should be inactivated by TLCK. In contrast, 2 was
designed to complex the benzamidine moiety in the
active site of trypsin then extend the SO.F moiety
outside the active site where differences in structure
between trypsin and other ‘“‘tryptic” enzymes should
be apparent.”” Thus, the specificity shown by 2 be-
tween trypsin and thrombin can be accounted for by
covalent bond formation outside the active site, the
so-called exo mechanism of active site-directed ir-

(13) The SO:F moiety also has the ability to form a stable covalent bond
with histidine or tyrosine. Since there are only three histidines in trypsin
and the number of tyrosines on the surface of an enzyme is apt to be small,
linkage to one of these amino acids is not likely,

(14) A number of commercial crude thrombin preparations contained
much water-insoluble protein and gave a low velocity of reaction with TAME
which was highly variable. Good activity and duplicatability were achieved
with a water-soluble thrombin preparation, No. BT2000, purchased from
Sigma Chemical Co. TAME showed an apparent Km of 3 mM in 0.05 M
Tris buffer, pH 8.4.

(15) E. Shaw, M. Mares-Guia, and W. Cohen, Biochemistry, 4, 2219
(1965).

(16) E. Shaw and 8. Springhorn, Biochem. Biophys. Res. Commun., 27, 391
(1967).

(17) An active site is defined as containing those amino acids in contact
with the substrate and those amino acids involved in the catalytic process.®
Since it is not yet known how many amino acid residues at the carboxyl end
of a lysine or arginine in a protein are in contact with a protease such as
trypsin, the dimensions of the active site are impossible to estimate by sub-
strate size when the substrate is a protein. However, even if two or three
amino acid units at the carboxyl terminus were in contact with two different
proteases, the farther removed from the catalytic site are these contacts, the
greater difference could be expected in primary and tertiary structure of the
tWo proteases.

(18) Seeref 7, p 188.
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TasrLe I (Continued)

Bridge

position Iso,”
No. (n) R uwM
21 para (2) m-NHCONHCH;-2-Cl-5-SO,F 1.8

22 para (2) m-NHCONHCH;-4-Me-3-SOF 4.1

23 para (2) m-NHCONHCH,SO.F-p 4.8
24 para (2) m-NHCOCHSO:F-p 3.0
25 para (3) p-NHCONHCeHgSOgF-p 4.0

~—Reversible—

Irreversible

Estd Inhib, % Time, A
K uM Method? wM E...I¢ min inactvn

0.90 BANA 3.0 60 54
TAME 0.90 50 60 100
TAME 0.90 50 1, 10, 60 50, 86, 100¢

2.0 BANA 9.2 82 60 86
BANA 2.3 60 23
TAME 2.0 50 60 76

2.4 BANA 10.6 82 60 59
BANA 5.3 60 12
TAME 2.4 30 60 15

1.5 BANA 6.0 2, 304 50, 83¢
BANA 1.5 10, 307 47, 47
TAME 1.5 50 60 94
TAME 1.5 50 3, 10, 60 50, 68, 914

2.0 BANA 13 87 60 41
TAME 2.0 50 60 0

« The technical assistance of Susan Black, Maureen Baker, Jean Reeder, and Julie Leseman with these assays is acknowledged. ? I
= concentration necessary for 509, inhibition when assayed with 50 uM pL-benzoylarginine p-nitroanilide (BANA) in pH 7.4 Tris

buffer containing 109, DMSO as previously described.?

¢ Estimated as 0.515; see ref 4.

4 Enzyme incubated at 37° in pH 7.4 Tris

buffer containing 109, DMSO;* method A used 3-9 uM trypsin and was assayed with BANA. Method B used 0.1-0.3 uM trypsin and

was assayed with N-tosyl-L-arginine methyl ester (TMAE) (see Experimental Section).

¢ Calculated from [EI] = [Ei]/(1 + K;/[I])

where [EI] = amount of reversible complex expressed as a percentage of total enzyme (E,);# this calculation is valid only when inhibitor

is in excess of enzyme.
irreversible inhibition.

reversible inhibition.” Similarly, the bromoacetamido-
benzamidine (27), which at 14 uM shows slow irrevers-
ible inhibition of trypsin with a half-life of 4 hr, showed
no irreversible inhibition of thrombin at 30 ul{.

The trypsin inhibitors, benzamidine (28) and phenyl-
guanidine (29), are also reversible inhibitors of throm-
CH,C(=NH)NH, CeH;NHC(=NH)NH,

28 29

bin; when thrombin was assayed with 1 mM TAME,
28 and 29 had I, = 0.46 and 0.68 mM, respectively.
Thus it should be possible to convert 28 or 29 to a
specific irreversible inhibitor of thrombin by utilizing
the modus operandt developed for trypsin*® and other
enzymes.” Similarly, it should be possible to develop
selective irreversible inhibitors of other serum proteases
such as the complement system involved in rejection
of organ transplants.!?

Chemistry.—All of the candidate irreversible in-
hibitors in Table I can be generalized either as a benz-
amide (30) or phenylurea (31); these were synthe-
sized from the appropriate arylamines (32, 33, 39-42,
47) by acylation with the appropriate fluorosulfonyl-
benzoyl chloride in DM in the presence of Et;N or
with the appropriate O-(p-nitrophenyl) carbamate®
in the absence of Et;N. Of the required amines, 32
and 33 have been previously synthesized.* The re-
mainder were synthesized as follows.

The alkylation of p-hydroxybenzamidine (34) with
the appropriate w-bromoalkyl m-nitrophenyl ether?
in DMF containing K,CO; gave 35 and 36 by the pre-
viously described general method.* Catalytic hydro-
genation of the NO; group afforded the requisite amines
39 and 40; the amine (41) was prepared from 34 in a
similar fashion with 4-bromobutyl 3-methyl-4-nitro-
phenyl ether via 37 (Scheme I). Similarly, alkylation

(19) Ciba Foundation 8ymposium, Complement, G. E. W. Wolstenholme
and J. Knight, Ed., Little, Brown and Co., Boston, Mass., 1965.

(20) B. R. Baker and N. M. J. Vermeulen, J. Med. Chem., 12, 74 (1969),
paper CXXXIYV of this series.

(21) B. R. Baker and G. J. Lourens, tbid., 11, 26 (1968), paper CIX of this
series,

7 Data from ref 4 unless otherwise indicated.

¢ From six-point time study.* *» New data. ¢ Near maximum

of p-hydroxybenzamidine (34) with the appropriate
bromide gave 38. However, trace impurities in 38
made catalytic reduction to 42 a quite variable re-
action that failed at times; therefore 38 was synthesized
by the alternate route of alkylation of p-cyanophenol
to 43 which was more readily purified. Reaction of
43 with EtOH and HCI in CHCI; converted the CN
to an imino ether which was treated in situ with am-
monia to give the amidine 38, isolated as its benzene-
sulfonate salt. Catalytic reduction of 38 then pro-
ceeded smoothly to 42. In a similar fashion, m-cyano-
phenol (44)22 was converted to 47.

Experimental Section

All analytical samples had ir spectra in agreement with their
assigned structures, moves as a single spot on tlec on Brinkmann
silica gel GF or polyamide MN, and gave combustion values for
C, H, and N or F within 0.49; of theoretical unless otherwise
indicated. Melting points were taken in capillary tubes on a
Mel-Temp block and are uncorrected.

4-Ethoxy-3-fluorosulfonylacetanilide (48).—To 60 ml of Cl-
SO;H was added portionwise with stirring 30 g (0.17 mole) of p-
ethoxyacetanilide with water-bath cooling to keep the tempera-
ture at 30-35°. After 2 hr at 40° the solution was cooled in an
ice bath, then poured into about 350 g of ice and H.O with vig-
orous stirring. The mixture was extracted with two 250-ml por-
tions of CHCl;. Dried (MgS0y), the CHCI; solution was evapo-
rated in vacuo leaving an oily sulfonyl chloride which gradually
solidified and had the proper ir spectrum. The oil was dissolved
in 60 ml of dioxane. To the solution was added 30 g of KF (0.52
mole) in 30 m! of H,O, then the mixture was refluxed for 40 min.
The cooled mixture was diluted with 300 ml of H,O and extracted
with two 200-ml portions of CHCl;. The combined extracts
were dried (MgSO,), then evaporated in vacuo, leaving 16.9 g
(389%) of product that moved as single spot on tle with EtOAc
and was suitable for the next step. Recrystallization of a sample
from CHCl; gave white crystals, mp 157-159°.  Anal. (CioHis-
FNOS) C, H.

O-(p-Nitrophenyl)  N-(4-Ethoxy-3-fluorosulfonylphenyl)car-
bamate (49).—A mixture of 16.9 g (66 mmoles) of 48, 35 ml of
EtOH, 14 ml of H,0, and 20 ml of 12 & HCI was refluxed for 90
min, then diluted with 450 ml of H:0. The solution was clari-
fied by filtration, then neutralized with NaHCO; and extracted

(22) Prepared by the procedure of T. van Es, J. Chem. Soc., 1564 (1965)
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30, R,= NHCOC:H,R;SO,F 32.7=3
31.R, = NHCONHCH, R,SO,F 335 =
NH-HO,SC:H; ;’\I’H'HO‘SSC‘,H.\
C—NH, (—NH.
OH occH,,o{()
34
NO,
35n =
36.n =
J . H.
NH HO,S8CH: Ier HO,SCH.
C—NH, C—NH,
@ R, R,

O(CH,0 @m O(CH,) 0
37,R,=H;R, = CH, NH,
38R, =CLR,=H

39.n=2
l 0.n=4
NH-HO,SCH, N
C—NH,
Cl
R, R,
O(CH,),,0 NO,
XCH,),0 NO, 43
41,R,= H; R, =CH,
42‘ R1 = Cl. R_; H
CN CN
)\i O @WCHM @NO._,
44 45
NH-HNO,
C——NHZ
@omm» @
46, R =NO,
47,R=NH,

with two 250-ml portions of CHCl;.  Dried (MgSQ,), the com-
bined extracts were evaporated /n vacuo leaving 6.8 g (477.) of
2-ethoxy->-metanilyl fluoride, mp 35-68°, which was not readily
puritied.

A solution of 2.19 g (10 mmoles) of the crude metanily] fluoride
and 2.2 ¢ (11 mmoles) of p-nitrophenyl chloroformate in '_’()
ml of Cells wax gently refluxed under an air condenser for 3 hi.*
Cylls was evaporated /n racio and the vesidue was reervsialli /(‘(
three times for CILCL; vield 088 g 237, 5, mp 154 1557
dnalo (CplpFENLON) C) H NO A additional 2.2 g 38070 o
less pure material could be isolated from the combined filtrates,

2-Chloro-4-nitrophenyl 4-Bromobutyl Ether (50). -\ mixture
of 348 g (0.2 mole) of 2-chloro-4-nitvophenol, 174 g (1.8 mole;
of L 4-dibromobutane, 20 ml of DMF, and 25 g (0.2 moles of
K.CO,; was heated on a steam bath for 5 hr.  The cooled =olution
wax diluted with 230 ml of CHCl; and washed \mu-“ivoly with
250 ml of 377 NaOIl and two 250-ml portions of TLO.  Dried
(Mg=0y), the CHCl =olution was evaporated to about Wi mi
in vacuo, then diluted with 200 ml of MeOIl and kept overnight
at = 15° The inzoluble bisphenoxybuatane (6.3 g) was removed
by filtration.  Bvaporation in racwo with removal of the |-
dibromobutane gave an oil which could be ervstallized from
MeOTI with farge los<; vield 13.6 g (2270, mp $0-43° =nitable
fur further transformarion. Two recrystallizations of a sample
from NMeOH gave the analytical =ample, mp 41-43° Anal.
(CygHpBrCINOg ) ) H, N

The corresponding 3-methyl-4-uitrophenyl ether was prepared
similarly, but melted below room temperature.

4-(2-Chloro-4- nitrophenoxy)- -( p-cyanophenoxy jbutane (43).

-A stirred mixture of 2.4 ¢ (20 mmoles) of p-cvanophenol,
6.25 g (20 mmolex) of 50, 2.8 g (20 mmolex) of K.COy, and 25 ml
of DMF wax heated for 5 hr in a bath at 60°. The mixture was
diluted with 100 ml of TLO and extracted with two 100-ml portions
of CHCE. Dried (Mg=Oy), the combined extracts were evapo-
rated Jn vacro. The residual oi] was ervstallized by the addition
of petroleum ether (hp 30-60°), then reerystallized from Me-
OITOH: vield, 3.8 @ (75390, mp 134-136°  Anal, (C:1101-
NoOp) 4 HL N

Similarly, 45 was prepared in 687, vield, mp T0-T4%. Re-
crystallization from MeOH gave the analvtical =ample, mp 73
7% Anal. (CrHNO) G T, N

p=(2-Chloro-4-nitrophenoxybutoxy )benzamidine Benzenesul-
fonate (38) (Method F).— Through a =olution of 3.47 g (10
mmoles) of 43 and 0.46 g (10 mmolex) of K1OH in 40 ml of CHCL
cooled in an ice bath was passed a slow =tream of HCI gas for 90
min, the svstem being protected from moisture.  After standing
48 hr at room temperature, the =olution was further treated
with 0,23 g (5 mmoles) of E1OH and HCI gas for 60 min since v
of an alignot stll showed a Cz:N band.  After 24 hr the mixture
was (reated with 25 ml of K(OH s<atwrated with NHy at 07
The mixture was strred for 48 hr, then filtered and evapnrated
inracio.  The residue was then h(uned with a solution of 2.5 g
114 mmoles) of CeILSOH In 25 ml of HLO when the product
vrvstallized.  Recryvstallization from a-PrOH gave 1.5 g (3570}
of product, mp 198-203° See Table 11 for additional data.

Similarly, 46 was prepared from 45 except the produoct was
ervatallized from 30 ml of ~PrOH plus 3 ml of concentrated
HNO; 0 vield 1OS g (1075, mp 152-158°, single =pot on tle with
MeOH on Brinkmann polvamide MN.  Reeryvstallization of a
sample from IO gave the wnalytical =ample, mp 160--165°
Anal. (CHNO7 C, H, N

m-( p=Aminophenoxybutoxy jbenzamidine nitrate (47) wux
prepared from 46 by method B.* Two recrvstallizations from
0 gave 0.35 g (407,) of white crystals, mp 198-200°. Anal.
(CrHeeNLOs) C, Hy N

ne=| p=( p - Fluorosulfonylphenylureido )phenoxybutoxy|benzam-
idine Nitrate (18) (Method C).--A =oludion of 175 mg (. At
mmaole} of 47 and 1810 mg (0.50 mmole ) of O=( p-nitrophenyl) N-(p-
fuorosulfonviphenylearbamate® in 1 oml of DMP was magneti-
cally =tirred 2t ambient temperature for 1 hr, then dilnted with
6,0 (9 ml)  An oil separated that soon solidified. Three
veervstallizations from MeOH gave 133 mg (4877) of produet,
mp 188-190°.  Anal. (CouluF NGRSO, €, H, Foo See Table 1
for other compounds prepared by this method.  When the oily
product did not cryvsiallize, the solvent was decanted and the
oil erystallized from the xolvent indicated.

2-Fluorosulfonyl-4-methoxybenzoic Acid (51). -To 10 mi of
FSOH in o Teflon heaker was added in portions over 15 min 5.3
g of anixic acid. The solution wus heated in a bath at 100°
for 4 hr, then cooled and poured into ice with sthrring. The
misture was extracted with IO, The combined extracts,
dried with Me=sOy, were evaporated in vacio to give 3.5 g (467,

of product, mp 18165 Several reerystallizations (CgHa
save white cvvstals, mmp 177979 naf (CUTFPONG ) T
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PHYS1CAL PROPERTIES OF

NH,

C6H5SOSH-NH=C@ O(CHz)nO@
R

No. n R Method®
7 4 p-NHCONHCHz-4-Me-3-SO.F C
8 4 p-NHCONHC&Hs-4-L\I€O-3—SOzF C
9 4 p-NHCONHCH;-4-EtO-3-SO.F C

10 4 p-NHCONHC:H;-2-Cl-5-80.F C

11 4 p-NHCONHCH;-2-MeO-3-SOF C

12 4 0-Cl-p-NHCONHCH,SOF-m C

13 4 p-NHCONHCH.SO.F-p C

14 4 p-NHCONHC:H;-2-Cl-4-SO,F C

15 4 p-NHCONHCH;-3-Me-4-SO,F C
16 4 m-Me-p-NHCONHC:HSO.F-p C
17 4 0-Cl-p-NHCONHCH.SO.F-p C
19 4 m-NHCOC:H SO, F-p D

20 2 m-NHCONHCe}LSOzF-ﬂZ E

21 2 m-NHCONHCH;-2-Cl-5-SO.F C

22 2 m-NHCONHCH;-4-Me-3-SO,F C

23 2 m-NHCONHC:H,SO,F-p C

24 2 m-NHCOC@}LSOzF-p D

25 3 p-NHCONHCH,S0.F-p C

35 2 m-NO; A

36 4 m-N Q. A

37 4 3-Me-4-NO» A

38 4 2-Cl-4-NO, A

F

39 2 m-NH, B

40 4 m-NH, B

41 4 3-Me-4-NH, B

42 4 2-Cl-4-NH. B

« For methods A, B, D, and E, see ref 4; for methods E and F, see Experimental Section.
Caled: C, 54.6; H, 4.26; F, 3.09.
¢ Reprecipitated from MeOEtOH-Et0O.
7 Recrystallized by solution in acetone by adding the minimum of H,0O, then addition of Et.O.
one recrystallization from -PrOH, mp 159-170°, suitable for the next step.

crystallized from EtOH. 4 Recrystallized from DMF,
/ Reprecipitated from DMF with Et.O.
lized from MeOEtOH-H,O.

¢ Anal.

Et.0. » Recrystallized from H,O. ° Triturated with Me,CO.

This compound was also prepared from anisic acid by chloro-
sulfonation?? followed by treatment with KF in agueous dioxane
as described for 48; the over-all yield was 219}, mp 175-178°,
Attempts to acylate several aminophenoxybenzamidines by
method D with the acid chloride of 51 gave mixtures difficult to
purify.

Enzyme Assays.—The reversible and irreversible inhibition

(23) M. S.shah, C. T. Bhatt, and D. D. Kanga, J. Chem. Soc., 1375 (1333).

CXLIV 117
% vield Mp, °C Formula Analyses

54 230-233 CaHpFN,Os8: CHF
380 216-218 dec Ca]HasFN;OgSz C, H, F
28 216-219 CaHFNLOGS, C,H, F
B4c 180-181 CyoHaCIFN,O5S, C, H, F
40¢ 183-183 CaHusFN O3S, CHF
44 213-215 CaHaCLFNLOs8, CHF
38¢ 251-253 dec CaoHaFN.OsS, C,HF
34¢ 178-180 CaoHzCIEN,OsS, C,HF
302 240-241 dec¢ Cg1H33FN403S2 C, I{, F
687 230-241 dec Cg[HaaFN40sS2 C, H, F
44v 245-249 CgoHsoCIFN4OSS~g C, I‘I, F
13 161-165 CaHuFN; 048, C H,N
26¢ 233-235 szgHﬂFN;OsS'z C, H, F
42% 216-219 dec Czﬂ’lzsClFNquSz'HzO C, H, F
160 247-249 CagHaFN,O58, CHF
24i 245-248 CosHrFN 048, C H,F
107 270-272 CQ@HQGFN;;OsS-z C, H, F°
38 243-2435 CasHasFN,OgSy C, H, F
470 203-205 CaHaN;O:8 C, H N
467 187-190 Co3Hp; N3O:S C, H N
26+ 174-178 CaaHuN;O78 C,H, N
61 197-203¢ CisHauCINO:8 C,H, N
35! 198-203

80p 238-240 CaHNO:8 C,H,N
66™ 173-180 CZSHQTN{;O;;S C, H, N
42 175-178= CyH3oN30;8 C, H, N
900 205-207 CzaHzeClNgOaS C, H, N

b Recrystallized from EtOH-H.0. ¢ Re-

Found: C, 53.9; H, 4.03; F, 3.76.
b Recrystallized from MeOH-Et,0. ¢ Reecrystal-
k After

! Recrystallized from n-PrOH. = Recrystallized from EtOH-

» Recrystallized from MeOH.

assays of trypsin using N-benzoyl-pL-arginine p-nitroanilide
(BANA)® have been described previously;? the earlier ir-
reversible incubations* and those recorded in Table I used 3-9
uM trypsin in the incubation. The incubation concentration of
typsin could be reduced to 0.1-0.3 ud by use of the more sensi-
tive N-tosyl-L-arginine methyl ester (TAME);!! the incubations
were run in 0.05 M pH 7.4 Tris buffer, then assayed by 1:10
dilution with 0.05 A pH 8.4 Tris buffer containing 15 md
CaCl, with 1 mdf TAME. !



